Introduction
Endophytic fungi are a diverse group of ascomycetes fungi defined by their asymptomatic occurrence within the plant tissue, and occur in all major lineages of land plants in natural and anthropogenic communities ranging from the arctic to the tropics. 1 The endophytes colonize the inner tissues of plants, the intercellular spaces such as xylem and phloem cells, but do not exert pathogenic apparent effects to their host. 2, 3 They have been cited for high capacity production of bioactive metabolites, which can be grouped into several classes, including alkaloids, steroids, terpenes, isocoumarins, quinones, lignans, phenolic acids, cytochalasins, diketopiperazines, among others, 4 making them a target for research through the search for substances with potential for use in the pharmaceutical and agricultural industry. 5 In our search for new bioactive substances from endophytic fungi, we isolated fifteen fungi from the capitula, scapes and leaves of Paepalanthus planifolius (Eriocaulaceae). The genus Paepalanthus has approximately 357 species, 95% of which are endemic species restricted to Brazil. 6 The Espinhaço Range is the second largest mountain range in Brazil with its northern and southern extremities in the state of Bahia and Minas Gerais, respectively, and is known as a major center of plant diversity and endemism. 7 The Espinhaço Range in southeastern Brazil is the center of diversity of Paepalanthus, and the genus is also quite diverse on the Guiana Shield and, to a lower degree, in central Brazil and within the Atlantic Forest domain. 8 In the context of the need to preserve Eriocaulaceae due to many of these species being endangered and considering the absence of records or studies involving the endophytic fungi-Eriocaulaceae interactions, 9 this work describes the first chemical study of A. brabeji, an endophytic fungus found in the Xylariaceae family, with over 1300 species accommodated in more than 70 genera. 10 The first fungus identified from the leaves of Brabejum stellatifolium belongs to the typical vegetation of South Africa called "fynbos", 11, 12 but this fungus was isolated and identified for the very first time in Brazilian vegetation.
For the study of the capitula of P. planifolius, seven strains were isolated and evaluated for their metabolomic profile and radical scavenging activity (2,2-diphenyl-1-picrylhydrazyl (DPPH) assay). Our previous investigation on the endophytic fungus A. brabeji extract resulted in a new compound (+)-(6R*,7S*,8R*)-6,7,8-trihydroxy-2,2-dimethyl-5,6,7,8-tetrahydro-chroman-4-one (1) and three known compounds 6-hydroxy-2,2-dimethyl-5,6,7,8-tetrahydro-7,8-epoxychroman-4-one (2), siccayne (3) and eutypinol (4) (Figure 1) . Furthermore, the antimicrobial activities of these compounds were evaluated.
Experimental

General experimental procedures
These compounds were structurally identified by high-resolution mass spectrometry (HRMS) and nuclear magnetic resonance (NMR) analyses. 1 H NMR (600 MHz), 13 C NMR (150 MHz), gradient heteronuclear multiple bond correlation (gHMBC), gradient heteronuclear multiple quantum correlation (gHMQC), gradient correlation spectroscopy (gCOSY), 1D total correlation spectroscopy (TOCSY) and homonuclear decoupling (HOMODEC) experiments were conducted on a Bruker Avance III 600 spectrometer using the non-deuterated residual solvent signal as a reference. Mass spectra were acquired on a AB SCiex 3200 QTRAP mass spectrometer for compounds 2, 3 and 4 and on a Q-TOF Bruker MaXis Impact mass spectrometer for compound 1, using water:methanol as the eluent. Optical rotation was measured on a PerkinElmer 341-LC polarimeter. Analytical high performance liquid chromatography (HPLC) was performed on a Jasco PU-2089 solvent delivery module and AS-2055 autosampler coupled with a Jasco MD-2018 photodiode array detector (DAD) system using an RP-18 column (Thermo Aquasil Gold aQ, 250.0 × 4.6 mm i.d., 5 µm) along with the protective guard column Phenomenex (4 × 3 mm). The analysis was performed using a gradient mode, eluted with a water:methanol gradient (5-75% methanol, 45 min) containing 0.1% of trifluoroacetic acid monitored at 270 nm, flow rate 1.0 mL min -1 and injection volume of 10 µL. Semipreparative HPLC-DAD was performed on a Jasco (PU-2086 Solvent Delivery Module), equipped with a DAD (MD-2010) system and injector with a loop (500 µL) using a RP-18 column (Thermo Aquasil Gold aQ, 250.0 × 20.0 mm i.d., 5 µm) along with the protective guard column Phenomenex (10 × 10 mm) and flow rate 13.0 mL min -1 . The software ChromNav was used to control the system, data collection, and processing. All solvents were purchased from Sigma-Aldrich and Tedia for HPLC analysis. 
Fungi isolation and identification
Endophytic fungi were isolated from the capitula, scapes and leaves of adult P. planifolius, which was subjected to surface sterilization. After that they were first washed with water and soap and then immersed in 1% aqueous sodium hypochlorite solution for 5 min and 70% aqueous ethanol (EtOH) for 2 min. Finally, in duplicate, the vegetal material was immersed in sterile H 2 O for 5 min. The sterilized material was cut into 2 × 2 cm 2 pieces and deposited on a Petri dish containing potato dextrose agar (PDA) and gentamicin sulfate (100 µg mL -1 ) with approximately 3 to 4 pieces on each dish. 13 Fifteen single fungal strains were obtained following serial transfers on PDA plates and deposited in the Núcleo de Bioensaios, Biossíntese e Ecofisiologia de Produtos Naturais (NuBBE) fungi collection in Araraquara, Brazil (stored in sterile water at 25 ºC). From the fifteen isolated endophytic fungi, one was identified as Anthostomella brabeji by Genotyping Biotecnologia, Botucatu, São Paulo, Brazil, through automatic sequencing by capillary electrophoresis equipment ABI 3500 Genetic Analyzer (Applied Biosystems) and alignment of nucleotide sequences generated with reference sequences deposited in GenBank.
Fungal growth and extraction
Endophytic fungi isolated from the capitula of P. planifolius were each inoculated into three Erlenmeyer flasks (500 mL), each containing potato dextrose broth (PDB) medium (300 mL), on the reduced scale. The medium was autoclaved at 121 ºC for 20 min. After cooling, the medium was inoculated with the endophytes and incubated at 25 ºC in static mode for 28 days. The flask-accumulated mycelial biomass was separated from the aqueous medium by filtration, and the filtrated was subjected to liquid-liquid partition with ethyl acetate (EtOAc). The EtOAc fraction was evaporated in vacuum resulting in a crude extract. 13 Endophytic fungus A. brabeji was cultured on a larger scale, inoculated into fifteen Erlenmeyer flasks (500 mL), and the crude extract was obtained in the same method performed on reduced scale described above.
Isolation and identification of the metabolites
The EtOAc crude extract (732.3 mg) obtained from large scale culture was solubilized in methanol:water (7:3 v/v, 10.0 mL) using ultrasound for 10 min and then centrifuged for 15 min. Further fractionation and purification by semipreparative HPLC-DAD led to the isolation of four compounds, 2 (19.4 mg), 3 (9.7 mg), 4 (13.6 mg) and including one new natural product, compound 1 (6.1 mg).
DPPH-thin-layer chromatography (TLC) assay
On TLC plates (silica gel 60 F 254 , Whatman), 10 µg of each fungi extract were applied and eluted with CHCl 3 :MeOH:H 2 O (43:37:20 v/v). TLC plates were sprayed with DPPH solution (0.2%) in methanol. The plates were examined 30 min after spraying. Active compounds appeared as yellow spots against a purple background. Quercetin was used as reference compound. 14 
Microorganisms
The microorganism samples used in this study were ). After confirming this concentration using spectrophotometric reading at 620 nm and counting in Neubauer chamber, the suspensions were diluted 1:10 resulting in a suspension of 10 7 CFU mL -1 , which was used in the experiments. 15 After growing in Sabouraud dextrose agar (SDA), the yeast was transferred to sterile phospate buffer saline (PBS) and the turbidity was adjusted to 0.5 McFarland scale (10 6 CFU mL -1 ). After confirming this concentration using spectrophotometric reading at 530 nm and counting in a Neubauer chamber, this suspension was diluted 1:2000 resulting in a suspension of 2.5 × 10 3 CFU mL -1 , which was used in the experiments.
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Determination of minimal inhibitory concentration (MIC)
MIC was determined using microdilution technique according to the standard reference method M7-A6 (bacteria) and M27-A3 (yeast) from Clinical and Laboratory Standards Institute (CLSI), with modifications.
17,18
The samples were dissolved in 20% dimethyl sulfoxide (DMSO) and water to a initial concentration of extract of 2000 µg mL -1 . Then, a two-fold serial dilution was made in order to obtain concentrations ranging from 7.81 to 1000 µg mL -1 . A volume of 100 µL of each concentration was added to 96 well microplates containing 80 µL of MHB or Roswell Park Memorial Institute (RPMI) 1640 medium for bacteria and the yeast, respectively. The positive controls were ampicillin for bacteria and amphotericin B and fluconazole for yeast; 20% DMSO was used as negative control. The microplates were incubated at 37 ºC for 24 h for bacteria and 37 ºC for 48 h for the yeast. The tests were performed in triplicate.
The MIC of the samples was detected after the addition (30 µL) of resazurin solution (0.01%) for the bacteria and 2% of 2,3,5-triphenyltetrazolium chloride (TTC) for yeast and incubated at 37 ºC for 2 h. Growth of bacteria changes the blue dye resazurin to a pink color. The pink color indicates positive growth and blue indicates growth inhibition. Yeast growth changes the colorless TTC to a red color. The MIC was defined as the lowest sample concentration that prevented this change and exhibited inhibition of microorganism growth.
15,16
Results and Discussion
In a preliminary assay screening, the extract of A. brabeji showed radical scavenging activity in a DPPH-TLC assay. The A. brabeji extract was subjected to preparative HPLC-DAD which resulted in the new (+)-(6R*,7S*,8R*)-6,7,8-trihydroxy-2,2-dimethyl-5,6,7,8-tetrahydro-chroman-4-one (1), and three known compounds: 6-hydroxy-2,2-dimethyl-5,6,7,8-tetrahydro-7,8-epoxycroman-4-one (2), siccayne (3) and eutypinol (4) (Figure 2 (Figure 4) . The 13 C NMR data of 1 revealed the presence of an α,β-unsaturated ketone group at d C 194.8 (C-4), 107.9 (C-4a) and 167.6 (C-8a) ( Table 1 ). The HMBC correlations from H-5 to C-4, C-4a and C-8a; H-8 to C-4a and C-8a revealed that C-5 (d C 28.1) and C-8 were bridged through the 4a,8a-double bond via α,β-unsaturated ketone moiety. The signals at d H 1.42 (s, 3H, H-9) and 1.44 (s, 3H, H-10) were assigned to two methyl groups co-anchored on quaternary carbon at d . Nuclear Overhauser effect (NOE) correlations of H-6 to H-5 eq and H-8 suggested that these three protons were cofacial. Therefore, in the half-chair conformation the OH groups must be in pseudoequatorial positions and the relative configuration of 1 was assigned as 6R*, 7S* and 8R*. Collectively, the structure of (+)-(6R*,7S*,8R*)-6,7,8-trihydroxy-2,2-dimethyl-5,6,7,8-tetrahydro-chroman-4-one (1) was determined. All spectra are provided in Supplementary Information.
The chromanone derivative (2) and phenolic acetylenic (3 and 4) were identified by comparison of their MS, 1 H NMR, and 13 C NMR data with literature values.
These compounds were also previously isolated from Eutypa lata. [19] [20] [21] [22] [23] Siccayne (3) was first isolated from the fungus Helminthosporium siccans and marine fungus Halocyphina villosa, showing bioactive activity against strains of bacteria and fungi. 24, 25 This compound exhibits moderate The results of the microdilution method ( . According to the last classification, all samples could be classified as potent inhibitors, especially 3 for C. albicans and 4 for S. aureus and S. setubal.
Antimicrobial resistance is a concern factor, thus, the goal of new approaches that present antimicrobial activity against several types of bacteria and fungi is relevant. 30 In this sense, the antimicrobial screening of this study showed good results against S. aureus, S. setubal and C. albicans, since this fungus extract and isolated substances showed potential inhibition in concentrations ranging from 1000 to 31.25 µg mL -1 .
Conclusions
The novel compound (1) and compounds with good antimicrobial activities (3 and 4) show the immense potential of endophytic fungi to produce novel natural product as well as bioactive compounds. Therefore, these results suggest the need for chemical studies of this fungus varying the culture media as well as future prospects of the other fifteen endophytes isolated for the first time from associated Eriocaulaceae-endophytic fungi.
Supplementary Information
Supplementary i nformation (physical data and 1 H NMR, 13 C NMR and MS spectra for compounds 1-4) is available free of charge at http://jbcs.sbq.org.br as PDF file. 
